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57 ABSTRACT

The present invention relates to a method for auto-regulating
the fan speed. The method includes detecting the temperature
of a thermal source. When the temperature of the thermal
source exceeds a target value, the fan speed of the fan is
regulated according to a relation between the temperature of
the thermal source and the fan speed of the fan. Thereafter, the
voltage applied to the fan is micro-adjusted through a feed-
back control mechanism so that the fan speed of the fan
reaches a specified speed in steps.

12 Claims, 4 Drawing Sheets
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METHOD FOR AUTO-REGULATING FAN
SPEED

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 93124620, filed Aug. 17, 2004.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of regulating a
cooling fan. More particularly, the present invention relates to
amethod for regulating the fan speed automatically so that the
cooling performance is increased and a balance between the
cooling efficiency and the noise of the cooling fan is achieved.

2. Description of the Related Art

A conventional cooling system is normally categorized
into an air-cooling type and a water-cooling type. Using a
notebook computer as an example, all of the central proces-
sor, the north bridge chip and the graphic chip onamain board
are integrated circuit (IC) chips. In general, integrated circuit
(IC) chips are the major sources of heat during operations in
computer. To rapidly carry the heat generated by the IC chips
away during a high-speed operation, and allow the IC chips to
be operated for a long period, conventionally, a heat sink is
directly attached to the backside of the IC chips. The heat
sinks are normally fabricated using metallic or ceramic mate-
rial with a high thermal conductivity.

In most notebook or other computer systems, it is insuffi-
cient to conduct the heat generated from the IC chips by only
using the heat sink. Then it is necessary to include an addi-
tional cooling fan in the system to produce a cooling air flow,
which flows toward an air outlet for dissipating heat to out-
side. It should be noted that an air-cooled module utilizes both
a stream of cooling air from a fan and the large heat-dissipat-
ing area of the heat sink to increase the cooling performance.
To provide a sufficiently strong air stream through a cooling
fan, the wind-cut noise due to rotation of fan is accordingly
produced. Furthermore, the air steam may produce a phenom-
enon of local high temperature close to the air outlet after
absorbing a large quantity of heat from the operating ICs.
When the air inlet or the air outlet is blocked causing a poor air
circulation, the operating temperature inside the system eas-
ily becomes over high, causing an occurrence of damage.
Once the temperature of internal IC chips or other internal
devices exceed the specified operating range, computational
error or temporary failure of the system may occur in the main
board.

As a result, one major research topic in the minds of the
manufacturers is to provide a means of regulating the fan
speed of the cooling fan so that the efficiency of the cooling
fan is increased and yet prevent the temperature of the thermal
sources (for example, IC chips) from being over high, causing
damage. With respect to the control of fan speed of fan,
conventionally, the fan speed of the fan is simply regulated
according to a relationship curve between the temperature of
the thermal source and the voltage supplied to the cooling fan.
However, if the system does not have a mechanism for detect-
ing the difference between the actual fan speed of the fan and
aprescribed fan speed but provides a voltage to the fan purely
according to the relationship between the supplied voltage of
the fan and the temperature of the thermal source, the cooling
fan may rotate faster than the specification and waste elec-
tricity. On the other hand, if the system has a mechanism for
detecting and regulating the actual fan speed of the fan and the
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prescribed fan speed, then the actual fan speed of the cooling
fan is adjusted in a single operation to the prescribed fan
speed when the fan reaches the fan speed regulating point. As
an often result, the thermal source may continuously rise to a
temperature close to the threshold temperature and shortens
the lifetime of the thermal source. Moreover, the noise due to
the sudden increase in the fan speed of the cooling fan may
also bother the user.

FIG. 1 is a flow chart showing the steps in a Taiwanese
patent No. 564341 having the title ‘a fan speed control device
and a method for controlling the fan speed of a fan’. As shown
in FIG. 1, the method comprises the following steps. In step
302, a temperature sensor detects a temperature and outputs a
corresponding temperature signal. In step 304, a processing
unit receives the temperature signal and exports a correspond-
ing prescribed fan speed for the fan. In step 306, a control unit
receives the prescribed fan speed value and transmits a cor-
responding regulating signal to the fan. In step 308, the con-
trol unit checks the difference between the actual fan speed of
the fan and the prescribed fan speed. In step 310, the control
unit accurately controls the fan speed of the fan according to
the difference between the actual fan speed and the prescribed
fan speed of the fan. However, the drawback of this method is
that the actual fan speed of the fan is adjusted to the prescribed
fan speed in a single operation. Hence, the temperature of the
thermal source will continue to rise for a short period of time
before it is balanced with the heat-dissipating rate. Moreover,
the one-step adjustment from the actual fan speed of the fan to
the prescribed fan speed can easily lead to a sudden burst of
acoustic noise that may bother the user of the computer sys-
tem.

SUMMARY OF THE INVENTION

Accordingly, at least one objective of the present invention
is to provide a method that utilizes a feedback control mecha-
nism to regulate the fan speed of a cooling fan. Hence, the
cooling rate of the fan is increased and any possible damage
due to an excessive rise in the temperature of thermal sources
is prevented.

At least another objective of the present invention is to
provide a method for auto-regulating the fan speed of a cool-
ing fan that utilizes a step by step adjustment of the voltage for
driving the fan. Therefore, it can be prevented that a balance
with the heat-dissipating rate is reached after the temperature
of the thermal sources rises for a certain period of time.

At least another objective of the present invention is to
provide a method for auto-regulating the fan speed of a cool-
ing fan that utilizes the adjustment of supplied voltage to
regulate the fan speed and reduce the power consumption of
the fan.

At least another objective of the present invention is to
provide a method for auto-regulating the fan speed of a cool-
ing fan that prevents the sudden outburst of acoustic noise due
to a sudden change in the fan speed of the fan from bothering
a computer system user.

To achieve these and other advantages and in accordance
with the purpose of the invention, as embodied and broadly
described herein, the invention provides a method for auto-
regulating the fan speed of a cooling fan comprising the
following steps. The temperature of a thermal source is
detected. When the temperature of the thermal source exceeds
atarget value, the voltage to be provided to the fan is regulated
according to the relation between the temperature of the ther-
mal source and the voltage provided on the cooling fan. Then,
a feedback control manner is used to regulate the voltage
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provided to the cooling fan, so as to cause the fan speed of the
cooling fan to gradually reach the specific requirement.

To achieve these and other advantages and in accordance
with the purpose of the invention, as embodied and broadly
described herein, the invention provides a method for auto-
regulating the fan speed of a cooling fan comprising the
following steps. First, the temperature of a thermal source is
detected. When the temperature of the thermal source exceeds
a target value, a cooling fan is triggered to initiate a cooling
process. If the fan speed of the fan is higher than the fan speed
specified by the target value, an embedded controller (EC)
lowers the voltage to the fan in steps so that the fan speed is
adjusted down towards the fan speed specified by the standard
value. However, if the fan speed of the fan is lower than the fan
speed specified by the target value, the embedded controller
(EC) increases the voltage for driving the fan in steps so that
the fan speed is adjusted up towards the fan speed specified by
the standard value.

According to one embodiment of the present invention, the
aforementioned method further comprises checking the ther-
mal source. When the temperature of the thermal source is
lower than a target value, the voltage for driving the cooling
fan is adjusted according to the relation between the tempera-
ture of the thermal source and the corresponding voltage
applied to the fan. On the other hand, when the temperature of
the thermal source is below a target value, the cooling fan is
shut down.

The present invention utilizes an embedded controller to
lower the driving voltage of the fan in steps so that the fan
speed of the fan is lowered to the specified value gradually
after the fan speed of the fan reaches a specified fan speed.
Thus, the temperature of the thermal source is prevented from
continuously rising to a threshold temperature and can remain
a stable balance state. Thereafter, a feedback control method
is utilized to adjust the fan speed of the fan in steps until the
temperature of the thermal source is lowered to the target
value, to prevent any damage to the thermal source due to over
heat. When the fan speed of the fan is adjusted to a level below
a specified fan speed, the embedded controller gradually
increases the voltage for driving the fan so that the fan speed
of'the fan increases gradually to reach the specified fan speed.
Hence, the fan speed of the fan is increased smoothly and
annoying noise to the computer user due to a sudden rising up
of the fan is eliminated.

It is understood that both the foregoing general description
and the following detailed description are exemplary, and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the invention.

FIG. 1 is a flow chart showing the steps in a Taiwan patent
No. 564341 having the title ‘a fan speed control device and a
method for controlling the fan speed of a fan’.

FIG. 2 is a flow chart showing the steps for auto-regulating
the fan speed of a cooling fan according to one preferred
embodiment of the present invention.

FIG. 3 is a graph showing the fan speed versus temperature
curves for a conventional cooling fan and a cooling fan
according to the present invention.
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FIG. 4 is a flow chart showing the steps for regulating the
fan speed of a cooling fan using an embedded controller
according to the present invention.

FIG. 5 is a simplified block diagram showing the layout of
components for regulating the fan speed of a cooling fan
through an embedded controller.

FIG. 6 is a flow chart showing a feedback control mecha-
nism for regulating the fan speed of a cooling fan according to
the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made in detail to the present pre-
ferred embodiments of the invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.

FIG. 2 is a flow chart showing the steps for auto-regulating
the fan speed of a cooling fan according to one preferred
embodiment of the present invention. As shown in FIG. 2, the
method for auto-regulating the fan speed of the cooling fan
comprises the following steps. In step S100, the temperature
of a thermal source is detected. Thereafter, according to a
curve relating the temperature of the thermal source with the
voltage for driving the fan stored inside an embedded con-
troller, the embedded controller provides a corresponding
voltage to the fan to adjust the fan speed. In step S200, a
feedback control mechanism is utilized to adjust the supply
voltage to the fan in steps so that the fan speed of the fan is
gradually regulated back to a specified fan speed.

In step S100, the thermal source is an IC chip, a system
level chip or a central processing chip disposed on a main
board, for example. The backside of the chip is attached to or
adjacent to a heat sink fabricated from metallic and/or
ceramic material to increase heat-dissipating surface. Clearly,
the thermal source can also be a high/low voltage transformer
or a high-power transistor whose heat must be continuously
carried away to maintain a normal operation. Furthermore, to
increase the heat-dissipating capacity of the system, a cooling
fan is installed inside the system to provide a convective air
circulation over the thermal source and carry the heat in the
thermal source away.

It should be noted that there is a definite relationship
between the fan speed of the fan and its driving voltage. In
other words, the fan speed of the fan can be varied through a
change in the supplied voltage. For example, a standard sup-
ply voltage of 3.5V is required to maintain a constant rotation
of 5000 RPM for the fan. However, the fan speed of the
cooling fan normally has an error range about +7%. There-
fore, the fan speed of two cooling fans may be slightly difter-
ent when the same voltage is applied to each cooling fan. If
the cooling fan inside a system has a =7% error, the fan may
not provide sufficient fan speed to cool a thermal source to an
acceptable level when the driving voltage of the fan is deter-
mined according to the relationship between thermal source
temperature and fan driving voltage. Ultimately, the tempera-
ture of the thermal source then over rises because the required
fan speed often cannot be achieved.

Therefore, the present invention also provides a feedback
control mechanism to monitor the temperature of the thermal
source as shown in step S100 of FIG. 2. When the temperature
of the thermal source detected is higher than a target value, a
voltage corresponding is quickly applied to the fan according
to the relation between the temperature of the thermal source
and the voltage provided to the fan, so as to increase the fan
speed of the fan. The target value is the fan speed of the
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cooling fan listed in a table, corresponding to a temperature of
the thermal source. Because the fan speed of the fan, after
providing the fan with the voltage, usually may not corre-
spond to the target value, a feedback control system having an
embedded controller as shown in step 200 is used to adjust the
supply voltage to the fan in steps. For example, when the
prescribed temperature of the thermal source is 75° C., the
cooling fan is triggered and the fan speed of the fan is deter-
mined according to the temperature of the thermal source.
Thereafter, the fan speed of the cooling fan is continuously
monitored. When the fan speed of the fan exceeds the speci-
fied fan speed, the embedded controller decreases the driving
voltage of the fan in steps so that the fan speed of the fan
decreases gradually and the electronic device consumes less
power. On the other hand, when the fan speed of the cooling
fan is too low, the embedded controller increases the supply
voltage of the fan in steps. Hence, the thermal source is
prevented from over-heating by gradually increasing the fan
speed of the fan, and it can be prevented from occurring for
the over noise suddenly produced by the increase of rotation
speed for the fan.

FIG. 3 is a graph showing the fan speed versus temperature
curves for a conventional cooling fan and a cooling fan
according to the present invention. When the temperature of
the thermal source reaches a target value and the fan speed of
the fan therefore must be increased, the fan speed of the
cooling fan then increases according to an increase in the
applied voltage, so as to increase the heat-dissipating rate.
Wherein, the voltage applied to the cooling fan is determined
by the relation curve between the fan supply voltage and the
thermal source temperature. If the conventional method is
used to control the cooling fan, the cooling fan receives the
supply voltage and the fan speed of the fan is immediately
increased. After then, the supply voltage to the cooling fan is
maintained at a fixed value and the fan speed of the fan is
maintained at a fixed value until the temperature of the ther-
mal source reaches the next target value necessarily for
changing the supply voltage ofthe fan. Thus, the conventional
method for controlling the cooling fan often sets the fan to
continuously maintain an over-high fan speed or an over-low
fan speed so that the electronic device either consumes too
much power or provides an insufficient cooling rate. In the
method according to the present invention, the cooling fan
utilizes the relationship curve between the supply voltage of
the cooling fan and the temperature of the thermal source to
receive a supply voltage for increasing. After increasing the
fan speed of the fan to a fixed value, the system starts to
compare the difference between the actual rotation speed of
the fan and a specified fan speed. If the fan speed of the
cooling fan is higher than the specified fan speed, an embed-
ded controller lowers the supply voltage to the fan in steps so
that the fan speed of the fan is gradually reduced (as shown in
FIG. 3). Hence, some electrical power is saved and the risk of
the thermal source rising to a temperature beyond the thresh-
old temperature is effectively avoided. On the other hand, if
the fan speed of the cooling fan drops below the specified fan
speed, the embedded controller increases the supply voltage
to the fan in steps so that the fan speed of the fan increases
gradually (as shown in FIG. 3). As a result, the heat-dissipat-
ing efficiency of the cooling system is increased and the
bothering of noise to the user produced by the fan is reduced.

The method for regulating the fan speed of the cooling fan
through the embedded controller is further explained using
FIGS. 4 and 5. FIG. 4 is a flow chart showing the steps for
regulating the fan speed of a cooling fan using an embedded
controller according to the present invention. FIG. 5 is a
simplified block diagram showing the layout of components

20

25

30

35

40

45

50

55

60

65

6

for regulating the rotation speed of a cooling fan through an
embedded controller. As shown in FIG. 5, the variation in
temperature of the central processor 500 can be obtained
through a temperature sensor 510. The temperature sensor
510 transmits a signal to an embedded controller 520 for
controlling the needed fan speed of the fan 530. The control-
ling method is shown in FIG. 4. In step 410, the embedded
controller 520 provides a rated voltage to drive the cooling fan
530. In step 420, the embedded controller 520 checks the fan
speed of the fan 530. In step 430, the fan speed is compared
with a specified fan speed to determine whether the actual fan
speed is correct or not. If the actual fan speed is correct, the
current input voltage is maintained in step 440. However, if
the actual rotation speed differs from the specified rotation
speed, the input voltage to the fan 530 is gradually increased
in step 450.

FIG. 6 is a flow chart showing a feedback control mecha-
nism for regulating the fan speed of a cooling fan according to
the present invention. In the following, each step carried out
in FIG. 6 is explained in more detail. First, in step 602, the
current state of the cooling fan is determined. If the fan speed
of the fan is zero, the embedded controller applies a voltage
for a definite period in step 604. Thereafter, in step 605, the
fan speed is checked to determine if the fan speed of the fan is
still zero, so as to decide whether or not the fan is damaged. In
general, the interval for activating the fan is set to about 3
seconds but not the only limitation in the invention. After
several attempts to start the cooling fan by providing a voltage
and the fan speed of the fan is still zero, the cooling fan is
judged to be defective and the data indicating the mal-func-
tion of this cooling fan is stored in a memory, in step 612. If
the fan speed of the fan is found to be non-zero in step 602 and
605, the embedded controller stop providing a voltage to the
fan for a while before supplying a predetermined voltage to
the fan in step 606. The predetermined voltage is a voltage
derived from the relationship curve between the thermal
source temperature and the fan supply voltage. After each
designated time period, the fan speed of the fan is read and
recorded in step 608. Moreover, in step 609, the fan is con-
stantly checked to see if the fan speed is zero. If the fan speed
of'the fan is found to be zero, the embedded controller imme-
diately terminates the supply of a voltage to the fan in step 610
and provides a voltage to the fan intermittently several times
for testing the fan in step 611. If the fan speed of the fan is still
zero, the cooling fan is judged to be defective and all relevant
data regarding this cooling fan is stored inside a memory in
step 612. In the future, maintenance personal can retrieve the
data inside the memory to determine if any damage of the
electronic device is related to the mal-function of the cooling
fan or not. In step 613, the fan speed of the fan is compared
with a target value.

If the fan speed of the cooling fan is lower than the target
value, the embedded controller increases the supply voltage
to the cooling fan in steps in step 614 so that the fan speed of
the fan increases gradually towards the target value. Thereaf-
ter, in step 620, the embedded controller continuously pro-
vides a supply voltage to the cooling fan. The value of the
supply voltage is the voltage for maintaining the fan speed of
the fan at the target value so that the heat flow efficiency is
increased while the probability of producing a sudden acous-
tic noise is reduced. In general, when the fan speed of the
cooling fan is above or below the target value by 100 RPM,
the fan speed of the fan is considered to be within the range of
the target value. Because the fan speed of the fan is lower than
the target value when a constant voltage is applied, the cool-
ing fan is judged to have a too-low fan speed. Thereafter, in
step 622, the low fan speed of the cooling fan is recorded and
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stored in the memory so that any problem in the electronic
device resulting from a low fan speed of the fan can be easily
determined. Finally, the fan speed of the fan is continuously
detected in step 624.

If the fan speed of the cooling fan is higher than the target
value, the embedded controller gradually decreases the sup-
ply voltage to the cooling fan in step 616, so that the fan speed
of'the fan decreases gradually towards the target value. There-
after, in step 626, the embedded controller continuously pro-
vides a supply voltage to the cooling fan. The value of the
supply voltage is the voltage for maintaining the fan speed of
the fan at the target value. At this stage, the required cooling
fan voltage is smaller than the supply voltage derived from the
relation between the thermal source temperature and fan sup-
ply voltage. Thus, the electronic device consumes less elec-
trical power and the cooling fan is prevented from producing
a sudden burst of acoustic noise. In general, when the fan
speed of the cooling fan is above or below the target value by
100 RPM, the fan speed of the fan is considered to be within
the range of the target value. Because the fan speed of the fan
is higher than the target value when a constant voltage is
applied, the cooling fan is judged to have a too-high fan speed.
Thereafter, in step 628, the high fan speed of the cooling fan
is recorded and stored in the memory so that any problem in
the electronic device resulting from a high fan speed ofthe fan
can be easily determined. Finally, the fan speed of the fan is
continuously detected in step 624.

In summary, the present invention provides a method for
auto-regulating the fan speed of a cooling fan that comprises
the following steps. The temperature of a thermal source is
monitored. When the temperature of the thermal source
exceeds a target value, the fan is triggered to initiate a cooling
process. If the fan speed of the fan is higher than the fan speed
at the target value, an embedded controller (EC) lowers the
voltage for driving the fan in steps so that the fan speed is
downward adjusted towards the target fan speed. Hence,
power consumption of the fan is reduced and the temperature
of'the thermal source is prevented from rising to the threshold
temperature and destabilizing the thermal source. On the
other hand, if the fan speed of the fan is lower than the fan
speed at the target value, the embedded controller (EC)
increases the voltage for driving the fan in steps, so that the
fan speed is gradually upward adjusted towards the target fan
speed. Therefore, the heat-dissipating efficiency of the fan is
improved and the noise resulting from a sudden increase in
the fan speed is avoided.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

What is claimed is:

1. A method for auto-regulating a fan speed, comprising:

determining whether said fan speed of a cooling fan is zero
or not;

When said fan speed is zero, an embedded controller pro-
vides an action voltage to active said cooling fan;

intermittently providing a voltage to said cooling fan by
said embedded controller if said fan speed is continuous
zero after applying said action voltage;
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judging said cooling fan is defective if said fan speed is
continuous zero after intermittently providing said volt-
age to said cooling fan;

storing a defective cooling fan data in a memory;

when said fan speed is not zero, said embedded controller
provides a prescribed voltage to drive the cooling fan;

detecting the fan speed of the cooling fan;

judging a relation between the fan speed and a target value;
and

gradually decreasing the supply voltage through the
embedded controller until the fan speed of the cooling
fan substantially equals to the target value.

2. The method of claim 1, wherein the fan speed is higher

than the target value.

3. The method of claim 1, wherein the target value is the fan
speed of the fan listed in a table, corresponding to a tempera-
ture of the thermal source.

4. The method of claim 1, wherein the prescribed voltage is
derived from a relation curve between the temperature of the
thermal source and the supply voltage.

5. The method of claim 1, wherein the method further
comprises judging the cooling fan to be one having over high
fan speed.

6. The method of claim 1, after gradually decreasing the
supply voltage through the embedded controller, further com-
prising storing the data indicating an excessive fan speed of
the cooling fan to a memory.

7. A method for auto-regulating a fan speed, comprising:

determining whether a speed of a cooling fan is zero or not;

when said fan speed is zero, an embedded controller pro-
vides an action voltage to active said cooling fan;

intermittently providing a voltage to said cooling fan by
said embedded controller if said fan speed is continuous
zero after applying said action voltage;

judging said cooling fan is defective if said fan speed is
continuous zero after intermittently providing said volt-
age to said cooling fan;

storing a defective cooling fan data in a memory;

When said fan speed is not zero, said embedded controller
provides a prescribed voltage to drive the fan by an
embedded controller;

detecting the fan speed of the cooling fan;

judging a relation between the fan speed and a target value;
and

gradually increasing the supply voltage through the
embedded controller until the fan speed of the cooling
fan is substantially equals to the target value.

8. The method of claim 7, wherein the fan speed is lower

than the target value.

9. The method of claim 7, wherein the target value is the fan
speed of the fan listed in a table, corresponding to a tempera-
ture of the thermal source.

10. The method of claim 7, wherein the prescribed voltage
is derived from a relation curve between the temperature of
the thermal source and the supply voltage.

11. The method of claim 7, wherein the method further
comprises judging the cooling fan to be one having over low
fan speed.

12. The method of claim 7, after gradually increasing the
supply voltage through the embedded controller, further com-
prising storing the data indicating an over low fan speed of the
cooling fan to a memory.
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